The present work focused on developing a new protocol of the 1-(benzothiazolylamino) methyl-2-naphthol derivatives synthesis by condensation of three compounds, i.e. aromatic 2-naphthol, 2-aminobenzothiazole and aldehyde. Furthermore, this reaction was carried out in the presence of three heterogeneous phosphate catalysts: monoammonium phosphates (MAP), diammonium phosphate (DAP), and trisuperphosphate (TSP). Moreover, this method offered many advantages, such as: very high yields, shorter reaction times, and the catalysts, can be easily recovered and reused without any loss of their catalytic activities.
Introduction
In the last decades, organic synthesis has been oriented toward the catalysts used to minimize cost, time and energy. One of the most important methods is one-pot multi-component reactions (MCRs) allowing the synthesis of the large variety of compounds that present some activities in medicine domain [1] [2] .
The compounds containing benzothiazoles at the basic structure are very interesting because they possess biological activities. In particular, 2-aminobenzothiazole is mentioned which is widely used in the fields of medicinal chemistry and biology [3] . They present anti-inflammatory [4] , anti-fungal [5] antibacterial [6] , anticonvulsant [7] , anticancer [8] , antitumor [9] activities. They also found their application as indicators of Alzheimer's disease [10] , and they are served as reactive and hair dyes [11] [12] . Consequently, several processes for the synthesis of 1-(benzothiazolylamino) methyl-2-naphthol using catalysts have been reported in the literature, such as LiCl [13] , sodium dodecyl sulphate [14] , 3-methyl-1-(4-sulfonic acid) propylimidazol i u m h y d r o g e n s u l f a t e ([(CH2)3SO3HMIM][HSO4]) [15] , and heteropoly-acid (HPA) [16] . The most of these catalysts present some inconvenient since they are toxic, expensive and non-recyclable. Taking in consideration all these factors, the aim of this study is to propose a new, simple, and effective method for the synthesis of 1-(benzothiazolylamino) methyl-2-naphthol derivatives using phosphate fertilizers monoammonium phosphates (MAP), diammonium phosphate (DAP) and triple superphosphate (TSP) [17] as natural and cheap catalysts, which are well known for their valuable catalytic activities and high recycling and reuse capacity [18] [19] .
Materials and Method
All chemicals used were purchased from SIGMA-ALDRICH or FLUKA CHEMICAL. All synthesized products have been identified by comparing their melting points and their spectral data with those of the literature. Melting points were determined on a Kofler bench apparatus and were not corrected. 1 H NMR and 13 C NMR spectra were recorded on a Bruker FT-NMR spectrometer in DMSO-d6 used as a solvent and TMS as a standard. The progress of the reactions was verified and monitored by TLC on silica gel.
General Procedure for The 1-(benzothiazoly -lamino)phenylmethyl-2-naphthols Synthesis
In a flask of 100 mL, 1 mmol of aromatic aldehyde (0.106 g), 1 mmol of 2-naphthol (0.144 g), and 1 mmol of 2-amino-benzothiazole (0.150 g) were added in presence of the catalysts (1 mg of MAP in 2 mL of CHCl3 or 1 mg DAP in 2 mL of cyclohexane or TSP in 2 mL of THF). The whole was brought to reflux. The progress of the reaction was monitored by TLC. After completion of the reaction, the mixture was washed with acetone and filtered to recover the catalyst which could be reused three times at least and then the filtrate was evaporated and treated with MeOH. The solid obtained was recrystallized from EtOH to give the pure product.
Results and Discussion
The synthesis of 1-((benzothiazol-2-ylamino)(phenyl) methyl) naphthalen-2-ol was carried out by condensation of benzaldehyde, 2-naphthol, and 2-aminobenzothiazole. This synthesis is considered as a model reaction to optimize the reaction conditions namely solvent nature the amount of catalyst and reaction time. First, the catalytic test was performed using MAP, DAP and TSP catalysts respectively in the presence of chloroform, cyclohexane and tetrahydrofuran; the reaction mixture was refluxed (Table 1) .
From the results shown in Table 1 , it was noticeable that in the absence of the catalyst, the reaction led to the desired product only in the form of traces. However, using MAP, DAP and TSP as catalysts in the reaction medium, the excellent yields of 98% were obtained in short reaction times ranging between 50 and 90 min. This result indicates that the catalysts used here possess an interesting catalytic activity for the synthesis taken as a model reaction.
It is well known that the yields and the reaction time also depend on other parameters such as the nature of the solvent and the amount of catalyst. For this reason, the reaction conditions for each catalyst it were optimized. First, the solvent effect, on the yield and the reaction time, has been studied. The model reaction was performed without solvent and in the presence of different solvents, namely the apolar aprotic protic polar (MeOH, EtOH).
(Cyclohexane, CHCl3), polar aprotic (MeCN, THF). Table 2 resumed the obtained yields and the reaction time. Table 2 shows that the reactions carried out in the absence of the solvent provided the expected product with average yields of about 60%. In contrast, the presence of the solvents improves the yields; this can be explained by the important role played by the solvent to facilitate the interaction between the reagents and the catalyst. According to the yields obtained it is found that the reactions were more easily done in aprotic solvents, CHCl3 (98%), Cyclohexane (98%) and THF (98%) respectively for MAP, DAP and TSP. Indeed, the aprotic solvents favorite a good charge separation in the reagents and an easy reaction process.
Moreover, the nature of the used solvent and the catalyst amount should be a determinant parameter in the reaction medium. Thus the influence of the amount of catalysts was studied by varying the mass of MAP, DAP, and TSP from 0.5 mg to 6 mg. Figure 1 presents the obtained results.
It can be seen, from the Figure 1 , that when the catalyst amount increases the yield of the reaction decreases, this is probably due to the dispersion of the reagents on the surface of the catalyst which prevent an easy interaction between the different compounds involved in the reaction. One can deduce that 1 mg of each catalyst is sufficient to give the best yield of the desired product. In term of the gain on the reaction time, the time was varied it by a step of 5 min six times in case of each catalyst. The obtained results are summarized in Table 3 . Table 3 shows that the yield of the product increases gradually with the increasing time. Thus the sufficient times leading to the best Figure 1 . Variation of the catalyst amount for the 1-(benzothiazolyamino) methyl-2-naphthol synthesis*. Taking into account the optimized conditions for the pilot reaction, the procedure was applied to prepare some 1-(benzothiazolyamino) methyl-2-naphthol derivatives, by the condensation of 2-naphthol, 2-aminobenzothiazole using a variety of aromatic aldehyde differently substituted by electro-donor and electro-attractor groups (Scheme 2). The results are collected in Table 4 .
From Table 4 it is observed that the yields of the products obtained remain better whatever the substituent of the aromatic cycle of the aldehyde (63-98% 
Scheme 1. 1-((Benzothiazol-2-ylamino)(phenyl) methyl) naphthalen-2-ol synthesis
The spectral data for all products and the spectra of 1 H NMR and 13 C NMR for the product obtained in the model reaction are given below: (Table 4 . 4a, Figures 3  and 4) . mp: 202-204°C. 1 To obtain these products we proposed the mechanism presented in Scheme 3. In the reaction medium, the catalysts MAP, DAP, and TSP having an acid character, release a proton which activates the carbonyl group of the aldehyde, the latter reacts with 2-naphthol to give In order to test the long-term durability of MAP, DAP and TSP. We studied the reuse of these four catalysts for the synthesis of 1-((Benzothiazol-2-ylamino) (phenyl) methyl) naphthalen-2-ol, at the end of each reaction the catalysts were recovered by simple filtration, washed with EtOH, then dried in the oven at 200 °C for one hour, they are then reused for three times. Figure 4 shows the results obtained.
From Figure 4 , it can be seen that after four cycles, a slight loss of catalytic activity is observed. Therefore, the phosphate fertilizers used herein can be considered as interesting and efficient catalysts in the synthesis of 1-(benzothiazolyamino) methyl-2-naphthol derivatives.
Conclusion
In this work, a simple and efficient method has been developed by the application of phosphate fertilizers MAP, DAP, and TSP as heterogeneous catalysts for the synthesis of 1-(benzothiazolylamino) methyl-2-naphthol. The optimization of the operating conditions such as solvent, a catalyst mass and reaction time to facilitate the obtaining of the desired products with higher yields in short reaction times. Also, these catalysts show a good reutilizing capacity such that they can be recovered and reused several times after the first use without loss of their catalytic activities, which is shown the catalytic efficiency of them. The novelty of this work appears in the fact that the used catalysts are not toxic, available, and not expensive. Moreover, the present research can contribute to the valorization of the natural phosphate because Morocco is considered a leading producer of phosphate products.
